ABSTRACT: The current paper compares the use of adipose fin and muscle biopsies as non-lethal sampling procedures, and the suitability of triacylglycerol (TAG) versus total lipid (TOT) fatty acid composition (fatty acid methyl esters, FAME) to estimate dietary history in farmed and wild maturing Atlantic salmon Salmo salar. TAG FAME gives best resemblance to dietary history. Fatty acid composition differs between tissues, and sample series should preferably be from 1 tissue only. TOT FAME supplies informative data on dietary history in fatty tissues, but differs from TAG FAME when total lipid levels are low. The reason is a larger contribution of phospholipid FAME. In wild maturing salmon, lipid content in adipose fin and muscle is low. TAG provides good data on dietary history, while TOT is less informative. Escapees are well identified analysing 18:2n-6 and 18:3n-3 fatty acids, which are high in commercial feed. For estimating a wider range of dietary history after escape (switch to wild prey), or feed preferences in wild fish, other fatty acids have to be taken into account. This requires the use of multivariate methods, like principal component analysis. Adipose fin and muscle biopsies are good alternatives for non-lethal sampling using the TAG method. The minimum amounts of samples to be used are proposed to be 0.5 to 1 g of adipose fin and 60 to 100 mg of muscle. The method of storage (liquid nitrogen/dry ice) does not affect fatty acid compositions. Other tissues can also be used for fatty acid profiling. Snout is a good alternative, being lipid-rich even in wild fish with low muscle lipid.
INTRODUCTION
With the rapid expansion in farming of Atlantic salmon Salmo salar over the past 50 yr, escapes from cages have become a serious problem, both for the fish-farming industry and for the conservation of wild stocks. The official figures of salmon escaping from fish farms in Norway show a variable trend ranging from 38 000 to 921 000 during the period from 2001 to 2012 (Directorate of Fisheries; www.fiskeridir.no). However, these figures are considered lower than the actual number of fish escaping (Baarøy et al. 2004 , Skilbrei & Wennevik 2006 . Escapees may spread diseases and parasites (Heuch & Mo 2001 . Some may also enter rivers to spawn (Saegrov et al. 1997) . Genetic changes have been demonstrated in wild salmon populations as a result of interbreeding between farmed escaped salmon and wild conspecifics (Crozier 1993 , Clifford et al. 1998 .
Fish may escape during all stages of the production cycle, from hatcheries in freshwater and from netpens in seawater (Jensen et al. 2010) . The spawning behaviour of salmon that escape at an early life stage is relatively similar to that of wild fish, while being very different from salmon escaping as adults (Fleming et al. 1997) . Fish that escape from sea net-pens during their first spring/summer migrate to the open ocean and return to spawn after 1 to 3 yr (Skilbrei 2010a,b) . The time of escape therefore influences the risk of introgression of escaped cultured with wild salmon populations.
Knowledge about the escape history of salmon in rivers is important for risk assessments and also to develop efficient strategies to reduce the impact of escapements. Molecular genetic methods have been successfully implemented to identify the farm of origin for farmed Atlantic salmon captured shortly after their escape (Glover et al. 2008 , Glover 2010 . Furthermore, such methods have been adapted to assist the identification of farmed and wild salmon in the wild (Karlsson et al. 2011) and to reveal the mixture of escapees from multiple farms in the same region (Zhang et al. 2013) . However, molecular genetic markers are not able to answer other questions linked to escapees, e.g. how long the escapees have been in the wild and if they have started to feed on wild prey. In order to address these and other ecological issues, other types of markers are required.
One such approach is the analysis of fatty acid profiles. Over the past decade, there has been a general switch towards higher inclusions of terrestrial type feed ingredients, including vegetable oils, in Atlantic salmon farming. There is also increasing interest in other terrestrial lipid sources such as poultry fat. The fatty acid profiles of these diets will differ significantly from the normal diet of wild Atlantic salmon in the marine environment. For example, vegetable lipids used in current salmon feeds are low in the typical marine polyunsaturated fatty acids (PUFA) 20:5n-3 and 22:6n-3 and high in shorter chain PUFAs like 18:2n-6 and 18:3n-3. There are also highly variable amounts of fatty acids like 18:1n-9 and 16:0, depending on type of oils used. As tissue fatty acid compositions in fish are, to a large extent, governed by the content of the diet (Henderson & Tocher 1987 , Bell et al. 2001 , Olsen et al. 2003 , 2004 , Torstensen et al. 2005 , quantifying tissue lipids can enable the identification of escaped fish and give good estimates of feeding history and how long they have been eating natural prey after their escape.
Fatty acid profiling methods are already in use and have been used, e.g., to distinguish farmed from wild salmon (Molkentin et al. 2007 , Axelson et al. 2009 , Megdal et al. 2009 ) and the feeding patterns of horse mackerel Trachurus mediterraneus around sea cages (Fernandez-Jover et al. 2007 ). The application of the method varies between studies, which may affect interpretation of the data. Most commonly, authors analyse the total lipid (TOT) fatty acid compositions. However, such analysis includes both membrane lipids (phospholipids, PL) and depot lipids (triacylglycerols, TAG), whereby the relative contribution ranges from mostly PL in very lean fish to mostly TAG in very fat fish. The challenge in using TOT analysis is that the metabolic pathways of synthesis differ significantly between the 2 lipid classes. PL synthesis is under strict metabolic control (Henderson & Tocher 1987 , Olsen et al. 1991 . In wild fish PL fatty acids are dominated by PUFAs (generally > 50%, e.g. eicosapentaenoic acid [EPA] and docosahexaenoic acid [DHA] ) in addition to 16:0, 18:0 and 18:1n-9. Other monoenes and PUFAs are generally very low. Changing diets has a limited effect on phospholipid fatty acid composition (Olsen et al. 2003) . The fatty acid composition of depot TAG, on the other hand, mirrors the diet (Henderson & Tocher 1987 , Olsen et al. 1991 , Corraze & Kaushik 1999 . Consequently, in lean tissues, applying total fatty acid analysis causes the PL fatty acids to dominate profiles, and does not give a good estimate of dietary history. In fatty tissues on the other hand, TAG contributes > 80% of the fatty acids and may thus give a good estimate of dietary history. However, lipid content in tissues may vary considerably, particularly in maturing Atlantic salmon that are anorectic before spawning and also invest considerable energy into gonad maturation (Aksnes et al. 1986 , Kadri et al. 1996 . Analysing TAG only may, in these cases, be advisory, and recent studies have shown a very good correlation between dietary fatty acids and muscle TAG composition in Atlantic salmon during simulated escapes from net-pens (Olsen & Skilbrei 2010) .
The tissues available for study may also vary depending on availability. In some cases, fish are killed, and it is possible to sample ample amounts of the desired tissue for analysis. For example, salmon may be tagged with a coded wire tag in the snout in re lease experiments and marking programmes (Hand et al. 2010) , and heads or snouts of fish are collected from the salmon fishery for tag identification. Furthermore, there is also an increased demand in fish surveys for fish to be kept alive and returned quickly to the river after the sample has been taken. Non-lethal sampling is essential in these cases. Examples of such sampling targets include scales (Grahl-Nielsen & Glover 2010), adipose fin, mucus, or muscle-biopsies. To ensure minimum damage to the fish, sample volumes need to be as small as possible. To address these questions, the current paper aims to (1) compare the ability of tissue TOT and TAG fatty acid profiles to describe diet history and (2) explore the suitability of adipose fin and small muscle biopsies as candidates for fatty acid profiling in maturing Atlantic salmon.
MATERIALS AND METHODS

Sampling 1-Farmed salmon
Farmed Atlantic salmon Salmo salar (1.5 kg average body weight) in 5 × 5m sea cages were fed a standard commercial diet (Skretting No. 9) until achieving a weight of 6.6 ± 0.4 kg, at approximately 83.9 ± 2.2 cm fork length, mean ± SEM, n = 15). The samples were collected in November during the spawning season (sexually mature fish), as this would be comparable to newly escaped salmon entering rivers for spawning. The fish were collected from the net-pen at sea and killed by percussion. Biopsy samples were immediately collected on the back side, posterior to the dorsal fin, using Osteo-RAM biopsy needles (7G×100mm; RI.MOS s.r.l). The samples were then released into cryo-tubes and snap-frozen in liquid nitrogen, or put on dry ice. Control muscle samples were directly cut from the same fish and flash-frozen in liquid nitrogen. All samples were then stored at −80°C prior to analysis. The biopsy samples were in the range from 40 to 100 mg, muscle samples were in the range from 400 to 900 mg, and adipose fin samples ranged from 300 to 600 mg. As an initial screening test, we chose 1 fish by random and analysed TAG samples from skin mucus, peritoneal adipose tissue, roe, tongue, muscle, liver and adipose fin.
The samples were then used for (1) comparing the fatty acid profiles of TOT and TAG of muscle and adipose fin and (2) comparing different freezing methods for biopsy samplings in the field. The latter was done to assess the quality of biopsy material obtained using (a) liquid nitrogen (flash frozen) or (b) frozen in dry ice and then compared with large muscle pieces flash-frozen in liquid nitrogen as controls.
Sampling 2-Wild salmon
Nine wild salmon were angled in River Dale (location; 60.653°N, 5.809°E) during autumn 2011 and kept in a 3 m diameter fiberglass tank supplied with running water until 20 November, when they were killed and tissue samples from snout, muscle and adipose fin were taken. Mean fork length (± SEM) was 72 ± 4.0 cm. They were not fed during this period.
Analysis
TOT was extracted according to Folch et al. (1957) . The lipid classes were quantified using 10 × 10 cm HPTLC plates (Merck) and the double development system of Olsen & Henderson (1989) . TAG was separated using hexane:diethyl ether:acetic acid (80:20:2) as developing solvent (Olsen & Henderson 1989) , visualised using 0.2% 2', 7'-dichlorofluorescin in 95% ethanol spray and viewed under ultraviolet-light for detection. The TAG was scraped off the plate and subjected to the sulphuric acid catalysed transesterification of Christie (1982) , extracted into hexane and stored at −80°C until analysed. Quantitative analysis of fatty acid methyl esters (FAME) was carried out by gas liquid chromatography using a HP 5890 gas chromatograph, autoinjector and splittless injection. , and then to 210°C at 1.5°C min −1 , with a final holding time of 5 min. Separated components were identified with reference to authentic standards.
Statistics
Data were analysed statistically with SPSS Ver. 21.0 for personal computers. Prior to statistical testing, all data were checked for homogeneity of variances by the Levene test, and, where necessary, they were subjected to arcsine transformations. Numerical results are expressed as means (± SEM) unless otherwise stated. Data from different tissues were compared using 1-or 2-way ANOVA, where appropriate, and subjected to Tukey's multiple range test. The level of statistical significance was set at p < 0.05. Sirius Version 9.0©, Pattern Recognition Systems (www.prs.no), was used for principal component analysis (PCA).
RESULTS
The lipid content and lipid class composition varied between the farmed (Sampling 1) and wild Salmo salar (Sampling 2) and between the tissue samples (Table 1) . Muscle from maturing fish held in a sea cage at Matre was high in lipid (32.8 ± 1.6%). Using biopsies tended to lower the lipid content of the samples somewhat. The adipose fin was lean, with only 1.1 ± 1.6% lipid of wet weight. The lipid class compo-sition in muscle was dominated by TAG, comprising 91.8 ± 0.5% of the lipid with only 4.4 ± 0.7% being phospholipids. The adipose fin had 19.8 ± 5.6% as TAG and 45.2 ± 6.0% as phospholipids, with the remaining lipid being mainly sterol esters/wax esters and cholesterol (data not shown). Maturing wild fish returning to rivers to spawn had low muscle lipid levels (5.0 ± 1.0%). Adipose fin lipid was again < 2%, while snout had a relatively high lipid content (10.3 ± 1.0%). The TAG level was clearly related to tissue lipid and was highest in snout lipid (92.3 ± 4.1% of lipid), lower in muscle (83.8 ± 2.2% of lipid) and lowest in adipose fin (19.9 ± 5.5%). Total polar lipids were 4.4 ± 2.7%, 13.7 ± 2.2% and 45.2 ± 6.0% in the respective tissues.
The FAME composition of the diet -the TAG and TOT of adipose fin and muscle of maturing farmed salmon (Sampling 1) -are shown in Table 2 . The data clearly showed that FAME compositions were dependent on both analysis method (TAG/TOT) and tissue. In general, 16:0, 18:0, 20:5n-3 and 22:6n-3 tended to increase in TOT compared to TAG, concomitant with a reduction in 18:1n-9. This led to a significant increase in PUFAs and particularly in the n-3 PUFA in TOT compared to TAG. The effects were rather pronounced for adipose fin, with significant increases (p < 0.05) in 16:0, 18:0, 20:4n-6, 20:5n-3 and 22:6n-3, and reductions of 18:1n-9, 18:2n-6, 18:3n-3, 20:1n-9 and 22:1n-11 in TOT compared to TAG. For muscle there was a similar tendency, but the effects were less pronounced, and significant only for 18:0, n-3 and total PUFAs. Principal component (PC) plots of individual fish FAMEs (TOT and TAG) of farmed fish (muscle and adipose fin) showed that PC1 accounted for 94% of the variation and PC2 accounted for only 3.4% (Fig. 1) . The clustering of the individuals shows adipose fin TOT deviates strongly from both adipose fin TAG and muscle (TOT and TAG). The clustering of FAMEs on PC2 separates muscle TOT from adipose fin TAG. PC1 can be explained mainly as a contrast between 16:0, 18:0, 20:4n-6, 20:5n-3 and 22:6n-3 and the remaining fatty acids, while PC2 shows a negative weighting for 18:1n-9 and a positive weighting for 18:2n-6 and 18:3n-3 (Fig. 2) .
The FAMEs of snout, muscle and adipose fin of wild maturing Atlantic salmon returning to the Dale River showed the same pattern of change as in the TOT and TAG levels of the farmed fish (Table 3 ). In particular, in TOT, there was a general increase in 16:0, 18:0, 20:5n-3 and 22:6n-3 compared to TAG and a reduction in 18:1n-9, 20:1n-9 and 22:1n-11. This led to increased levels of saturated fatty acids (SFA), total PUFA and n-3 and reductions in monoenes. When comparing TAG only, muscle deviated most from snout and adipose fin, particularly with lower levels of 16:0 and 20:5n-3 and higher levels of 20:1n-9 and 22:1n-11.
The first 2 PCs of individual fish FAMEs of wild mature Atlantic salmon returning to the Dale River for spawning (Sampling 2), accounted for 90.4% of the variation (Fig. 3) . PC1 accounted for 65.7% of the variation, and PC2, for 24.7%. For PC1, TOT always gave a more positive weighting compared to TAG, regardless of the tissue. On a tissue level, adipose fin TOT clustering caused positive weighting and muscle TAG caused a negative weighting. Snout was intermediate between the two. When variables were extracted, it was evident that PC1 was ex plained mainly as a positive contrast between 16:0, 18:0, 20:5n-3 and 22:6n-3 and as a negative contrast to the long-chain monoenes (18:1n-9, 20:1n-9 and 22:1n-9) (Fig. 4) . PC2 is mainly explained as the inverse relationship between 18:1n-9 and 20:1n-9/22:1n-11. The effect of biopsy methods on the TAG fatty acid composition of maturing farmed salmon maintained in cages at Matre Research Station is shown in Table 4 . The first column is the dietary fatty acid composition. There were no significant effects of the sampling or freezing methods on fatty acid composition.
To compare adipose fin TOT and TAG of farmed (Sampling 1) and wild salmon (Sampling 2), a PCA plot was produced including these variables (Fig. 5) . The first 2 PCs explained 97.1% of the variation. The TAG and TOT samples of the farmed fish data gave 2 small and distinctly separated clusters where TAG had a positive weighting with PC1 (78.7%), while TOT was neutral. Wild fish TAG also tended to have a positive weighting compared to muscle TOT, but data were more scattered. For PC2 (18.4%) TAG FAMEs had a positive weighting compared to TOT for both groups of fish. The variable loading for the extracted components showed a positive weighting in PC1 is mainly due to higher levels of 18:1n-9 and 18:2n-6 in a reverse relationship with 16:0, 18:0, 20:5n-3 and 22:6n-3 (Fig. 6 ). For PC2, the main positive weighting by 20:1n-9 and 22:1n-11 is reversed by a negative weighting of 16:0, 18:0, 22:6n-3 and 18:2n-6.
DISCUSSION
The lipid content in the tissues varied from around 1% of wet weight in adipose fin to > 30% in farmed maturing Salmo salar. Wild fish had considerably lower lipid content in muscle. This relates to the fact that maturing salmon become anorectic and invest a large part of their energy into gonad maturation and swimming to the spawning grounds (Aksnes et al. 1986 , Kadri et al. 1996 . The lowest level of lipid that we have recorded in wild maturing salmon is 1.5% muscle lipid (data not shown). It was also interesting to note that snout had high lipid contents even in fish with low muscle lipid. In many release experiments and marking programmes salmon snouts are tagged with a coded wire (Hand et al. 2010 ). Snouts/heads are then collected from salmon fisheries for analysis. Hence the material available for analysis is much greater than that available from muscle samples. The minimum sample needed to obtain sufficient lipid material will therefore depend on the tissue and life stage of the fish, and the laboratory setup. We usually need 100 ng of injected sample in our gas chromatograph to obtain good fatty acid traces. As we use autoinjectors requiring volumes of 50 µl, the amount of fatty acids required for a good resolution run is around 5 µg. This means that the minimum required lipid is around 10 µg for lipid-rich samples and around twice that amount for lipid-poor tissues. Increasing sensitivity and manual injections could easily lower the required amount further. However, it should be taken into account that samples on occasion may need to be re-prepared and re-analysed. According to these considerations, it should be sufficient to sample 100 mg of adipose fin to obtain 1 mg of lipid, or 500 µg TAG. For muscle tissue, 100 mg would give anything from 5 to 30 mg of lipid dependent on the nutritional status of the fish. This is in the range of material sampled with the biopsy needles (30 to 150 mg). At the lower end, this would provide a minimum of 4 to 5 mg lipid content which is perfectly feasible to analyse for fatty acids. But, as a rule of thumb, we suggest a minimum amount of sample to be in the range of 60 to 100 mg for muscle and 0.5 to 1.0 g for adipose fin.
Under normal circumstances, muscle biopsies should be taken into nitrogen for flash-freezing. However, as nitrogen may not always be available in the field, additional samples were taken to compare biopsies flash-frozen in liquid nitrogen with those frozen in dry ice, which is the more common field sampling method. The biopsy needles did not appear to cause major damage to the fish. A small incision in the skin before collecting the sample would ensure minimum damage. Regardless of the method chosen, however, the sampling process had no effect on the TAG fatty acid profiles. Tissue fatty acid composition is significantly affected by diet (Henderson & Tocher 1987 , Bell et al. 2001 , Olsen et al. 2003 , 2004 , Torstensen et al. 2005 , Schlechtriem et al. 2007 . But the direct effect is analysis of fatty acids in total lipids and triacylglycerols in the adipose fin and muscle of wild salmon (see score plot in Fig. 3 ). Fatty acids closer to the origin are not shown dependent on the type of lipid class. Phospholipids make up the majority of cell membranes, and their composition regulates cell function and membrane fluidity. This requires a stable membrane composition; thus, the synthesis and composition of phospholipids is under strict metabolic control (Henderson & Tocher 1987 , Olsen et al. 1991 . The main fatty acids in PL are 16:0, 20:5n-3 and 22:6n-3, with variable amounts of 18:0, 18:1n-9 and 20:4n-6 . Dietary lipids do affect PL composition (Olsen et al. 2003 ), but to a lesser extent than they affect TAG. Depot lipids are, on the other hand, reserves of energy and essential fatty acids, and, although some modification occurs, the fatty acid composition is generally highly dictated by diets (Henderson & Tocher 1987, Olsen et al. 1991, Corraze & Kaushik 1999 , Olsen & Skilbrei 2010 . This was also evident in the present study where TAG composition in all tissues examined in sea-cage-fed fish closely resembled the diet. In lean tissues, such as adipose fins in the present study, TAG would contribute to around one-third of the fatty acids, while two-thirds would originate from PL. In the muscle of these fish, TAG would contribute to > 90% of the total fatty acids, and the PL contribution would be less pronounced. This caused less difference between muscle TOT and TAG. This became especially clear in the PCA plots where the driving force separating adipose fin TOT from the other samples was due to elevated levels of the PL fatty acids 20:5n-3, 22:6n-3, 20:4n-6, 16:0 and 18:0 and lowered the content of the remaining fatty acids when compared to TAG. This change clearly moved the fatty acid profile away from the dietary profile. The small but notable inverse relationship between 18:2n-6 and 18:1n-9 in dicates that adipose fin TAG preferentially incorporates 18:1n-9, but also that the level of 18:2n-6 may be a trait difference, as indicated previously for other fatty acids (Schlechtriem et al. 2007) . Analysing wild fish is obviously more challenging than analysing farmed fish as the former will have fed on different preys. Consequently, analysing average values will be of less significance. However, with regard to TOT and TAG comparisons, PCA plots again showed that the leaner the tissue, the more important PL fatty acids (16:0, 18:0, 20:5n-3 and 22:6n-3) become for the variation. Conversely, the more tissue lipid, the more important 18:1n-9, 20:1n-9 and 22:1n-11 become for the variation. These are dietary fatty acids describing a dietary history and are not extensively incorporated into PL. It thus appears, if we accept that TAG represents dietary history, that analysing FAME from TAG rather than TOT will give a better indication of previous feeding history. But, if tissues are lipid rich, both options could be chosen.
One application of fatty acid profiling is to study the foraging behaviour and escape history of escaped farmed fish (Olsen & Skilbrei 2010 , Abrantes et al. 2011 . Modern farm diets have high inclusion levels of vegetable oils and, in some countries, also terrestrial lipids such as poultry fat. These oils typically have high contents of signature fatty acids like 18:2n-6 and 18:3n-3 which are only found in small amounts in natural diets. Canola oil is also popular to include in diets, as it contains high levels of 18:1n-9 and relatively low levels of plant PUFAs. Wild fish will, on the other hand, have variable contents of other fatty acids giving signatures to prey history. For example, many lower tropic level copepods and krill contain high levels of the long-chain alcohols like 20:1n-9 and 22:1n-11 (Falk-Petersen et al. 2009 ) that are oxidised to fatty acids and deposited as fatty acids in TAG upon digestion. These are not incorporated into PL as readily as long-chain PUFAs. When adipose fins of farmed and wild fish were compared using PCA plots, the main fatty acids explaining the difference were 18:1n-9 and 18:2n-6, both very high in artificial diets. Wild fish were also clearly separated by their high content of 20:1n-9 and 22:1n-11. The distances were not always as clear using TOT FAME, and they were only well separated on PC2. It was also evident that the wild fish had a wider dietary history, leading to higher variation in individual fatty acid compositions.
In conclusion, adipose fin and muscle biopsies are good alternatives for non-lethal sampling of Atlantic salmon in the process of fatty acid profiling. The minimum amounts of samples to ensure sufficient material are suggested to be 0.5 to 1 g of adipose fin and 60 to 100 mg of muscle. The method of storage (liquid nitrogen or dry ice) does not affect fatty acid compositions. TAG fatty acids provide the closest resemblance to dietary history. But tissues do differ in some ways, and sample series should preferably be carried out on one tissue only. TOT FAMEs supply informative data on dietary history in fatty tissues, but will differ from TAG FAMEs when total lipid levels are low; the reason for this lies in a larger contribution of phospholipid FAMEs. In wild maturing salmon, therefore, where muscle lipid is low, TOT profiling will be highly influenced by phospholipids. Data may not provide reliable information with regard to previous feeding history. For fatty acid profiling of escaped salmon previously fed commercial diets, quantifying the main vegetable/terrestrial fatty acids (18:2n-6, 18:3n-3 and 18:1n-9) is sufficient to provide reliable information to identify recently escaped farmed fish (Megdal et al. 2009 . Although both TOT and TAG FAMEs can be used, we argue in favour of using TAG analysis. Analysing TOT FAMEs may lead to the erroneous conclusion that the fish have switched to wild prey without this actually being the case. For example, if lean tissue is analysed, 18:2n-6 will be lowered in TOT and the level of marine PUFAs will be increased when compared to the real diets. This will not be the case for TAG. We therefore conclude that TAG has a higher accuracy compared with TOT profiling; this level of accuracy is needed in detailed studies on fish of different origins, for example when monitoring the escape histories of farmed fish that may have switched to natural prey. For estimating a wider range of dietary histories, like variations in wild prey preference, multivariate methods are required (e.g. PCA analysis).
Most tissues can be used for TAG fatty acid profiling. We initially examined skin mucus as an alternative non-lethal sampling (data not shown). However, mucus is low in lipids, and sampling may damage skin or scales. In cases of lethal sampling, we also tested livers, roe, peritoneal fat and tongue (data not shown). Livers will change composition postprandially and are not recommended in starved fish. Lipidrich tissues such as peritoneal fat and tongue are well suited. 
